training should be enterprise based by 1993. Another example of this emphasis in Australia was provided by the TAFE National Staff Development Committee (1992) in its support for the suggestion that the TAFE system should provide training in the workplace. Commentators such as Linke (1994) and Sweet (1994) , however, observed that there had been little research on the effectiveness of workplace-based training, on how people learn in the workplace, or on the factors that contribute to successful learning in the workplace. A year later, Baker and Wooden (1995) made the observation that little was known about employee training in small and medium-sized enterprises in Australia and overseas. Hawke (1998) pointed to the relative lack of VET research involving work sites. His analysis of the Australian literature showed that only 8% of it involved work sites, and most of the studies that did involve work sites were evaluations of initiatives that were seen to be "best practice." As Hawke (1998, p. 3) points out, " [o] nly since around 1994 has there been any significant research effort directed towards critical analysis of the workplace as a site of learning."
The purpose of this article is to review research that has focused on workplace learning and, in addition, to review research that has informed the development of more flexibly delivered forms of workplace education and training. Although there has been considerable research over the past decade or so, reviews of the research are conspicuously absent.
Conceptualizations of Workplace Learning

A Range of Conceptualizations
There have been a number of conceptualizations of workplace learning. Billett (1993a) saw it as the acquisition of knowledge and skills and treated it as a function of participation in authentic tasks, with support and guidance, either direct or indirect, from others more skilled. Billett identified three forms of learning: propositional (knowledge about), procedural (knowledge of how), and dispositional (values and attitudes). Using a similar conceptualization, Mansfield (1991) developed the Job Competence Model identifying the skills involved in four aspects of competence:
• Task or technical skills • Task management skills (planning, decision making, prioritizing) • Contingency management skills (managing unexpected events and events beyond the scope of routine instructions) • Role and environment skills (understanding, working in, and using the physical, organizational, and cultural environment) Both Billett and Mansfield conceptualized workplace learning in terms of the forms of knowledge or skill that represent the outcomes. Levy (1987) took an instructional model of workplace learning, focusing on its structure and processes and viewing it as linking employee learning to the work role. Levy suggested three interrelated components that link learning to workplace activity:
• Structuring learning in the workplace • Providing appropriate on-the-job training or learning opportunities • Identifying and providing relevant off-the-job learning opportunities
Smith Cunningham (1998) preferred a social-interaction conceptualization. He described workplace learning as [a] n infinitely large set of informal interactions which take place when one person is trying to help another person. It is one of the most pervasive and successful functions performed by people at all levels of every workplace and accounts in considerable measure for people's success in their organisation. (p. 6) These conceptualizations are by no means in conflict. Each gives an important insight into the approaches that have been taken by various researchers concerned with workplace learning. The Billett conceptualization comes from an interest in analyzing the underlying tasks associated with the acquisition of workplace knowledge, separating them, and formulating methodologies to address each form of learning in the workplace. Levy, on the other hand, takes the view most commonly held by practitioners who need to organize workplace learning activities and outcomes or who need to advise others on those processes. Finally, the definition preferred by Cunningham emphasizes the importance of human interaction and mentoring in workplace learning and sees the essence of workplace learning in the interaction between a more expert and a less expert worker. An indication of the relationship between these conceptualizations is provided by Billett (1992 Billett ( , 1993a Billett ( , 1994a Billett ( , 1994b , who, like Cunningham, reports that everyday participation in work practice enables the acquisition of vocational knowledge and, in particular, the development of procedural and dispositional knowledge. Billett and Rose (1996) base a further conceptualization on the Anderson (1982) dichotomy of conceptual knowledge (knowing "that") and procedural knowledge (knowing "how"). They argue that both conceptual and procedural knowledge are used in everyday practice to organize activities and secure goals, conceptual knowledge being used to provide the facts and propositions drawn upon to formulate and secure goals. Billett and Rose provide an example of situated curriculum in their discussion of a waiter setting a table: The waiter recalls concepts about the sorts of things that need to be on the table, along with the approach or policy of the particular restaurant; but in setting the table he deploys procedures.
Billett's interest in forms of instruction appropriate to the acquisition of various forms of knowledge is exemplified in the Billett and Rose (1996) investigation of the efficacy of three instructional strategies for promoting the development of conceptual knowledge in workplace settings. This investigation resulted from the authors' observation that, in comparison with the acquisition of procedural knowledge, "the development of some forms of conceptual knowledge (understanding) through everyday participation in work activities appears to be more limited" (p. 204). The authors argue that the components of conceptual knowledge are more opaque and hidden in the workplace than the readily accessible and observable products of procedural knowledge. Similarly, Berryman (1993) points out that, as the complexity of workplace operations increases, so does the need for greater understanding at the conceptual level; yet, he observes, the very increase in the complexity and use of technology renders conceptual knowledge opaque and inaccessible.
Billett and Rose take a sociocultural constructivist view that knowledge is socially mediated and that, therefore, "close social mediation or proximal guidance is likely to provide an expedient means for learners to access and construct conceptual knowledge" (1996, p. 204) . They argue that a strong base of conceptual knowledge is necessary to secure workplace goals and solve problems and that, because problem solving is associated with learning, a foundation of conceptual knowledge provides a basis for cognitive development. They also emphasize that the process of learning is constructed by the learner-a view that recognizes the centrality of the learner, as opposed to the instructor, in the interpretive and constructive process of learning. Close interaction between individuals is held to be a salient source of knowledge that might otherwise be hidden.
The constructivists hold that learners construct knowledge from the circumstances in which they experience that knowledge (von Glasersfeld, 1987) ; they view learners' construction as an ongoing interpretive process that is reinforced by past and continuing experiences. Individuals make sense of knowledge in an interpretative and constructive way rather than internalizing externally derived knowledge. Accordingly, as Rogoff (1995) argues, the appropriation of knowledge is not just the internalization of externally derived stimuli; rather, it is the individual's construction of those stimuli. In this context, communication is more than a oneway transmission and reception (Pea, 1993) . It is viewed as a dynamic, two-way process in which meanings emerge in the space between the learner and the more expert other (e.g., teacher, parent, or co-worker). Pea proposes that meaning negotiation and appropriation are integral to this process: Initial interpretative construction of knowledge is idiosyncratic, and it is through social mediation that the construction becomes more congruent and communicable. This proximal guidance (Vygotsky, 1978) may involve the learner in joint problem solving, and the construction of knowledge is progressively realized. Consequently, individuals collaboratively construct a common grounding of beliefs, meanings, and understandings that they share in activity (Pea) through a culture, or community, of practice (Lave & Wenger, 1991) . Through this process of meaning negotiation, individuals appropriate understanding. Although more distal forms of guidance (Vygotsky) , such as observing and listening, are important (Billett, 1994a) , they may not provide access to knowledge that is opaque or hidden. Billett argues that the close guidance of a more expert other can help make remote knowledge more accessible and can assist the individual in constructing that knowledge. To promote meaning negotiation with respect to hidden knowledge in the workplace, activities that encourage continual participation and interaction are required. Billett and Rose (1996) contend that where learning requires conceptual change, strategies are needed to make sense of new conceptualizations.
Billett and Rose focus on three instructional strategies to facilitate conceptual change as part of everyday work activities: questioning dialogues, analogies, and diagrams. In each of these strategies it is the learner, rather than the "proximal guide," who formulates the response. Once the learner has provided the response, the trainer can question the learner for clarification and explore the limits of the learner's proposition. The research showed that there were individual differences among learners and trainers in the levels of preference for each strategy and that contextual workplace characteristics facilitated the use of one strategy over another. The research also showed that each of the strategies was effective in evoking conceptual change, even though there were variations in effectiveness because of individual preferences and contexts. Further workplace data in studies by Smith (2000a Smith ( , 2000b Smith ( , 2001a lend support to the notions that various forms of learning may be preferred by learners in the workplace and that various forms facilitate learning. Factor analytic studies of vocational learners found that a strong dimension along which learners were distributed related to the degree to which they preferred to be independent learners, as opposed to dependent learners who have access to an instructor. It was clear from that research that strong and important differences between learners were linked to their different preferences for learning with proximal guidance or with more distal forms of learner guidance; the overall tendency was to prefer learning through proximal guidance. Warner, Christie, and Choy (1998) made similar observations in their large-scale study of vocational learners. Cunningham (1998) , on the basis of his experience with adult learners in the workplace, observes that participation in groups of other learners, or in circumstances that enable learning to be constructed through interaction with other learners or a more expert other, is particularly satisfactory for adult learners. He also suggests that workplace learning is best facilitated when the knowledge is constructed on the basis of workplace problems and that adult learners need an opportunity to reflect on, and articulate, their personal learning experiences and to direct their own learning process. Cunningham's experiential observations in workplaces lend practical support to the use of action learning to support self-reflective learning, as suggested by Boud and Walker (1991) , Mezirow (1991), and Watkins (1991) .
Further conceptualizations of workplace learning are provided by Gott (1989) and Mezirow (1991) . Mezirow describes three forms of workplace learning: instrumental, dialogic, and self-reflective. Instrumental learning is aimed at skill development and improvement of productivity. Dialogic learning is focused on individuals' organizations and their place in them. Self-reflective learning promotes learners' understanding of themselves in the workplace and provokes questions about their identities and the need for self-change, involving a transformation of their ways of looking at themselves and at their relationships. All three domains of learning are integrated when people become critically reflective by acquiring an understanding of why things are being done in a particular way. Mezirow conceptualizes transformative learning as development through challenging old assumptions and creating new meanings that are "more inclusive, integrative, discriminating and open to alternative points of view" (p. 224).
Mezirow's formulation of three forms of workplace learning is similar to that of Gott (1989) , who argues that three types of knowledge are required for "real world tasks":
• Procedural knowledge, that is, "how to do it" knowledge • Declarative (domain) knowledge of the object, system, or device • Strategic knowledge of how to decide what to do and when Robertson (1996) observes the tension that may exist in the workplace where there is a less clear understanding and recognition of the various forms of knowledge as identified by Gott (1989) and Mezirow (1991) . Robertson found that trainees were expected by their workplace trainers to accept without criticism what they were shown and told; and yet, at the same time, workplace trainers expected trainees to have an understanding of processes at a level that would enable them to suggest new and different ways in which processes could be carried out and improved. Clearly, workplace trainers preferred a passive recipient learner while expecting reflective learning to occur with domain and strategic knowledge outcomes. Harris, Willis, Simons, and Underwood (1998) also note the tensions for apprentices, both as workers and as learners.
These arguments for the importance of social construction of knowledge and reflective learning in the workplace are further supported by Marsick (1988) in her strong criticism of the behaviorist influence in the development of training (see Goldstein, 1980 , for a review). Marsick argues that the behaviorist model does not explain the development of all required knowledge in the workplace, although she suggests that behaviorism may be a useful paradigm for the development of specific skills. Marsick's central arguments are grounded in the need for people in modern organizations to be prepared for change and to be capable of independent thinking and risk analysis to a level commensurate with expectations in a globally competitive community. More recently, Billett (1996a Billett ( , 1998a has also provided evidence and argument to indicate that the behaviorist approaches to learning in the workplace are inadequate. He has argued that situated learning is coconstructed from cognitive processing and sociocultural interaction. Those views are similarly expressed, although not in the context of the workplace, by West, Farmer, and Wolff (1991) in their analysis of the contributions that cognitive science can make to instructional design. Barrow (1987) is also critical of the behaviorist characterization of a wide range of human activity under the heading of "skills" and argues that some kinds of skills require intellectual dimensions:
[L]ittle account is taken in skill talk of the extent to which such things as understanding, disposition, values and emotional maturity are involved in the acquisition of all but the simplest of physical skills. (Barrow, 1987, p. 189) From Novice to Expert Evans (1994) identified the intellectual dimensions of skills in his use of Dreyfus's (1982) five stages of skill development:
• Stage 1, novice, characterized by limited, inflexible, rule-governed behavior • Stage 2, advanced beginner, in which, in addition to the set of rules, the learner begins to learn some of the important situational aspects of the task but may not be able to differentiate the importance of those aspects • Stage 3, competent, in which the learner sees actions in terms of goals and plans, based on the selection of important features of the situation, which are used to guide action • Stage 4, proficient, in which the best plan of action is selected seemingly unconsciously, and situations are summed up and plans selected quickly • Stage 5, expert, in which the performer acts intuitively from a deep understanding of the situation, appears unaware of rules and features, and performs with fluidity, flexibility, and high proficiency
In the progression of a learner from the level of novice to that of expert, there is also likely to be a progression from passive receipt of training information to a more reflective and involved strategy (Ericsson & Charness, 1994; Farmer, Buckmaster, & LeGrand, 1992) . In constructing required knowledge, the learner may move from a level requiring little assistance from a proximal guide-the assistance being more of demonstration than discussion and assistance with construction of knowledge-to a level of considerable interaction and construction, occurring as learning progresses and competence increases. At the higher end of the Dreyfus (1982) classifications, where there is more demand for understanding of the intellectual dimensions of the skill being learned, it is likely that the need for a proximal guide decreases once again as knowledge becomes more internalized and nears completion of its construction. Gott's (1989) conceptualization suggests that experts are able to coordinate the three sources of skill-procedural knowledge, declarative knowledge, and strategic knowledge-and their progression in these aspects from partial to complete. Evans (1994) concludes that the progression of acquisition relies on efficient presentation of instructional information in training and learning resources. However, it also requires a teacher, trainer, mentor, or facilitator to provide feedback, to enable progression by setting expectations, and to use monitoring processes or indicators that are close to representing expert performance. A trainer or facilitator can actively encourage learners to "think actively about their work products and what contributed to the features in these products" (Evans, p. 100 ). In addition, Mezirow's conceptualization of three forms of workplace learning-instrumental, domain, and self-reflective-are related to the increase in knowledge and skill toward an expert level as the learner passes through each of Dreyfus's (1982) proposed stages.
These observations on the development of procedural, declarative, and strategic knowledge are largely borne out in previous research (Smith, 1997) involving observation of training practices in five wool-scouring plants. That research showed learners in the five plants to be generally underconfident as learners, characterized by wide disparities in skill level but possessing considerable in-plant procedural and declarative knowledge. The research clearly indicated the need for trainer support in conjunction with training materials and training sessions to ensure that positive and encouraging feedback was given and that learners were sufficiently engaged with the learning process to enhance their conceptual knowledge, declarative knowledge, and strategic knowledge. From that research, a training paradigm was developed that involved the learner, a fellow worker who was more expert, and a learning facilitator, working as a group. In collection, that group was able to effectively use the flexible learning resource materials and to provide demonstrations, encouragement, and learning goals to encourage progression through Dreyfus's (1982) stages and the development of knowledge at each of the three levels identified by Gott (1989) .
It would be valuable at this point to summarize briefly the various conceptualizations of knowledge in the workplace before attempting to place them in relation to the Dreyfus schema. Table 1 is a representation of these conceptualizations. There are clear commonalities among them, with consistent separation of procedural learning (associated with skills) from concept knowledge (associated with a wider understanding of the goals of the work and the individual's place in the achievement of those goals). Given the commonalities in the conceptualizations, it is useful to associate the various forms of knowledge and learning with the stages of skill development proposed by Dreyfus (1982 Dreyfus's first level of skill-that of the novice-can be almost entirely associated with procedural learning. The focus of learning at that level is on the limited and rule-governed behavior necessary to operate a device at a novice level or to begin to learn the motor tasks required in a particular skill. Dreyfus's advanced beginner level suggests a commencement of learning about the important situational aspects of the task. Knowledge is now moving beyond the procedural, and propositional or declarative knowledge is developing. At Dreyfus's competent level the worker is seeing actions in terms of goals and plans, which are used to guide action in the selection of skills and knowledge. Clearly, at this level all three forms of knowledge in the formulations by Billett (1993a) , Gott (1989) , and Mezirow (1991) are at work, as are both forms of knowledge in the conceptualization by Anderson (1982) . At Dreyfus's next two stages of skill development the worker is first proficient and, finally, expert. These two final stages are characterized by an apparently unconscious summing up of the work requirements and an unconscious selection of the actions and skills required to address that requirement. Relevant here is Berryman's (1993) observation: As the complexity of tasks at the workplace increases, so does the need for greater conceptual understanding; but, at the same time, the complexity makes the conceptual knowledge more opaque and inaccessible. In the Dreyfus model, as the worker moves toward proficiency and expertness, the conceptual understanding has developed and otherwise complex and opaque knowledge can be better accessed and used. In Pea's (1993) Gott (1989) Procedural knowledge (how to do it) Declarative (domain) knowledge (of the object, system, or device) Strategic knowledge (how to decide what to do and when) Mansfield (1991) Task or technical skills (how to do it, object and system skills) Task management skills (planning, decision making) Contingency management skills (nonroutine and unexpected, requiring understanding) Role and environment skills (physical, organizational, and cultural knowledge) Mezirow (1991) Instrumental learning (skill development) Dialogic (domain) learning (learning about the organization and the individual's place in it) Self-reflective learning (promoting understanding of oneself in the workplace and the need for self-change) terms, the learner has negotiated meaning in the knowledge and appropriated it adequately.
In addition, the literature on constructivism and transformation of learning is consistent in the view that meaning negotiation, knowledge appropriation, and concept development are dependent, at least in part, on access to a more expert worker, a mentor or, in Vygotsky's (1978) terms, proximal guidance. It appears, therefore, that reliable skill development beyond the level of procedural knowledge is likely to require more than training manuals or manufacturer's handbooks. Guidance by a fellow human being and opportunities to explore through questions, discussions, and action learning are also necessary. This conclusion is emphasized by Brown (1997) when she observes that learning resources cannot replace teaching in its entirety, since there is a continuing need for human interaction to achieve inspiration, motivation, and role modeling.
Cognition and the Development of Expertise
Cognitive Theory and Workplace Learning Mezirow (1991) has suggested that cognitive science and human information processing theories are of limited value in the understanding of learning in adults. There are, however, useful contributions to cognitive science from researchers such as Newell (1990) , in his attempt at a unified cognitive theory, and from Billett (1996a Billett ( , 1998a , who has identified compatibility between cognitive and sociocultural contributions to adult learning.
Newell has argued that a unified theory of cognition means a "single set of mechanisms for all cognitive behaviour" (1990, p. 15) . He suggests that the areas should be covered by a unified theory:
• Problem solving, decision making, and routine action • Memory, learning, and skill • Perception and motor behavior • Language • Motivation and emotion • Imagining, dreaming, and daydreaming Newell's list represents an important component of unification. As Kirby (1980) has pointed out, the use of the term cognitive has not been without confusion in psychology. The experimentalists have used the term cognition to describe the covert processes through which stimulus input is "transformed, reduced, elaborated, stored, recovered, and used" (Neisser, 1967, p. 4) ; by contrast, psychologists interested in education and learning have used the term to describe the higher-order mental abilities. Newell's list is integrative in that it includes both of these sets of cognitive processes.
A cognitive model named Soar, originally developed as an architecture for artificial intelligence (Laird, Rosenbloom, & Newell, 1986) , was recognized by Newell (1990) as having the major components of a cognitive system. Newell further developed it as a unified model for cognition, representing a qualitative theory of learning. The model has some useful connections with workplace learning. Newell's theory of qualitative learning asserts that all learning arises from goaloriented activity and that, to learn, the learner must be goal oriented and must be in a situation that provides relevant goal-oriented tasks. In addition, learning is the processing of "chunks" of information, and the more the learning tasks involve existing material in long-term memory, the more likely it is that the information will be retained in and accessed from the long-term store. Consistent with this notion, in the workplace context Chi, Feltovich, and Glaser (1981) have used the notion of "chunks" directly in their thinking about skill acquisition. They suggest that prior knowledge and understandings are what enable an expert to break a problem down into logical and workable chunks to facilitate problem solving and information processing. The importance of prior knowledge is also consistent with the constructivist view that the development of knowledge is reinforced by past and continuing experiences. Also useful in the workplace learning context is the prediction that the organization of memory and recall of information are made more efficient as the skill and experience of the individual increase. Newell's model also supposes that multiple short-term memory stores exist as regions within working memory and that they are supportive of the goal-oriented information-processing system. The short-term memory stores are strategically selected and deployed as each task requires. This notion indicates that metacognition plays a part in the organization and selection of expert processing: The expert learns to become aware of his or her own thinking processes.
The work of Newell (1990) forms a bridge between cognitive science and adult learning, lamented by Mezirow (1991) as absent; but it is Billett (1996a Billett ( , 1998a who has focused particularly on the compatibility between cognitive and sociocultural contributions to adult learning in the workplace. Earlier, Billett (1994b) examined research and theory in cognitive psychology and sociology to support a sociocultural constructivist view of knowledge, and he identified the contribution of contextual factors to transfer and problem solving. Using the notions of situated learning and situated cognition to describe learning that takes place within a culture of practice where the knowledge is deployed in the same context as the learning, Billett concluded that the development of transferable knowledge is facilitated by socioculturally rich and authentic learning experiences that are guided by expert mentors. He reached that conclusion on the basis of his earlier empirical studies in workplaces across several enterprises and industries (Billett, 1992 (Billett, , 1993b ). His conclusion is consistent with those of Glaser (1984) and Greeno (1989) , who argue that knowledge is the result of individually constructed schema developed through the influence of external stimuli. Lave and Wenger (1991) , likewise, argue that situated learning in a culture of practice enables the legitimation by an expert of the new knowledge of a novice; they argue that this legitimation is crucial to the development of the schema of knowledge and understanding. Lave and Wenger develop the concept of "situated activity" where the "situatedness" involves not just the physical surroundings but, more important in their view, the relational character of learning and knowing, the negotiated character of meaning, and the engaged, or problem-solving, nature of learning activity for the individuals involved. Lave and Wenger's concept of situated learning is more than learning in situ, or learning by doing: It involves the use of their concept of "legitimate peripheral participation" to describe participation in social practice that includes learning as an integral part. Although developed from a different theoretical perspective, Newell's (1990) extension of the prior work by Laird, Rosenbloom, and Newell (1986) results in similar observations and conclusions. Billett (1996a Billett ( , 1998a takes the argument further, asserting that cognitive structures-the internally processed and constructed products of memory-are constructed and developed in social circumstances. In the 1996a work, Billett contends that there are six areas of complementarity between the two sets of literature. The first area of complementarity is that expertise is domain specific and, in Billett's view, the effective use of cognitive structures within a problem-solving environment is dependent on the possession of socioculturally derived knowledge pertaining to the appropriate deployment of those cognitive structures. In other words, the cognitive structure of the novice may be complete and intact, but what is learned through socioculturally based knowledge is the effective accessing and use of the knowledge that forms the cognitive structure. A second area of complementarity that Billett identifies is that knowledge is constructed through problem solving. According to the cognitive psychology paradigm, problem solving is the result of deployment of cognitive structures to reach a solution; the socioculturalists contend that problem solving involves the selection of an approach that is consistent and usable within the social circumstances of its application. Billett advances the view that a problem space can include both social and cognitive considerations, each modified by the other.
The construct of compilation is also addressed in Billett's search for complementarity. He argues that the compilation of knowledge that occurs as the novice becomes more expert includes socially constituted knowledge, which becomes part of the compilation as knowledge moves from the declarative stage to the autonomous. In that way the working memory includes data relating to the skill required and its effective deployment in particular social circumstances. Similarly, Billett argues that transfer not only is the product of internal memory mechanisms but is related to the conditions under which the knowledge is to be transferred (see also Robins, 1998) . Billett also suggests that the two paradigms are complementary in the area of complex thinking, which requires effort and, from time to time, a degree of risk. He contends that the likelihood of an individual's engaging in effortful complex thinking is influenced by socially derived knowledge of the value that will be assigned to that effort in a particular social context. Finally, Billett suggests that complementarity can also be found in the idea that personal dispositions are integral to the construction, organization, and deployment of cognitive structures.
Billett argues that knowledge is co-constructed through the contribution of both cognitive structures and sociocultural stimuli to the acquisition and deployment of knowledge; he further argues that it is goal-directed problem-solving tasks that provide the means for construction of knowledge. Again like Newell (1990) , Billett suggests that it is goal-directed activities that provoke the learner to access, manipulate, and transform cognitive structures, with a contribution from social and cultural stimuli, resulting in the construction and organization of knowledge. This co-construction involves the presence in the training context of human interaction where the knowledge to be acquired includes conceptual development.
Billett's conclusions are well supported by earlier work by West, Farmer, and Wolff (1991) , in which they develop the argument that cognitive schemata are of several types. First, following Anderson (1984) , they acknowledge that there are schemata that represent and store knowledge in packets or bundles but that there are also process schemata, which are the procedures for processing and organizing information. Most important, West, Farmer, and Wolff argue that cognition is a process of construction and reconstruction of knowledge through interaction with the social and physical world. Cognition is not, in their view, restricted to the perception, storage, and retrieval of information or knowledge. The acquisition of skill or knowledge is furthered by instruction that is designed to incorporate the use of cognitive strategies such as concept mapping, organizing strategies, analogies, rehearsal, imagery, and mnemonics. The task of the instructional designer is to make the best decisions about what strategies are most appropriate for the content to be learned by a particular learner. West, Farmer, and Wolff are critical of instructional design that is preoccupied with the development of learning objectives, presentation of information, instructional sequencing, and media selection but ignores the consideration of cognitive strategies that activate intellectual processing, involvement, and knowledge construction. Like Billett, they suggest a set of important dispositional schemata to explain the motivation to learn or to use cognitive strategies.
In investigating differences between experts and novices, Billett (1993a Billett ( , 1994b ) has shown that experts organize and index their constructed knowledge so that they readily recognize patterns and solutions to unfamiliar problems. Ericsson and Charness (1994) also conclude, from their research on expert performance and its development, that experts can form an immediate representation of a problem that enables them to systematically cue their knowledge, but that novices have yet to achieve that efficient organization of knowledge for rapid access. Ericsson and Charness further argue that the internal representation of knowledge by experts is critical to their ability to plan and evaluate different possible action responses. In a cognitive explanation of Dreyfus's (1982) notion that expertise leads to an ability to carry out the task in an "automatic" way, Ericsson and Staszewski (1989) show that the working memory of experts is largely unaffected by interruptions. Experts are able to attend to an unrelated activity and then return to the expert task with only a small delay while the long-term memory is reactivated. Experts'actions are taken intuitively from understanding rather than from rules (Nisbet, Fong, Lehman, & Cheng, 1987) and include the acquisition of automaticity in lowerorder tasks (Case, 1985; Kirby, 1988) .
The available literature that usefully examines the cognitive processes associated with situated learning provides a considerable challenge to Mezirow's (1991) assertion that cognitive theory has been of limited use in this field.
Metacognition and Cognitive Apprenticeship
The place of metacognition in the development of expertise has been identified by Ericsson and Charness (1994) and by Young (1993) . Ericsson and Charness find that expert performance is not acquired by gradually refining the skills first adopted as a novice but, rather, by restructuring them and by acquiring and organizing new skills and methods. The authors provide a simple example of expert performance in mental arithmetic to show that the methods used by experts involve strategically restructuring the problem to yield rapid and accurate answers. Young argues that meaning in a situated learning environment is generated on the spot rather being constructed through the recall of previously stored information. Situated cognition involves the construction of meaning from the immediate environment, or problem space, and integrating that construction with other constructions available Smith from prior knowledge and recall from memory. In his four critical tasks involved in instructional design for situated learning, Young found that the selection of the situation and of the authentic task to enable learning is the most important step. Although Young's notions of authentic task selection are important, it would appear difficult to sustain a view that recall of previously stored information plays such a limited role in meaning construction.
Ericsson and Charness (1994) draw attention to the importance of learning task selection but make the additional point that learning in the workplace does not so easily enable the selection of tasks and their repeated practice. They argue that the achievement of expertise in such things as music and sports is accompanied by the advantage that practice can be engaged in a way that does not disturb ongoing production requirements. Hence, in the view of Ericsson and Charness, task selection needs considerable thought and care in a workplace setting to ensure that expertise can be developed at the same time that production constraints are considered. Young further argues that "scaffolding" needs to be provided in the instruction and that the scaffolding should involve the learner in the development of both problems and solutions to enable the development of what he calls "near and far transfer" (Young, 1993, p. 49) . The development of transfer requires not just domain knowledge but the metacognitive skills involved in discriminating the relevant from the irrelevant, in planning, and in the evaluation and monitoring of progress.
Exploring the notion of cognitive apprenticeship, Farmer, Buckmaster, and Legrand (1992) suggest that experts provide scaffolds for early learning by novices, gradually decreasing that assistance as learners construct their own knowledge base. This gradual withdrawal of expert-provided scaffolding is consistent with Dreyfus's (1982) postulated five stages of skills development, from novice through expert, and the progression of the learner from dependence on the expert to independent learning and knowledge construction. Similarly, Gott (1989, p. 99) argues that "hallmarks of apprenticeship training" include situated learning, external support or scaffolding from the teacher, and fading of external support as skill and autonomy develop. Carefully sequenced learning activities are required to foster integration and generalization of knowledge and skill and are sensitive to the changing needs of the learner. Under the conditions of successive approximations of skill development and the strategic deployment of skills in the workplace, learners must construct the goals and sequences of actions that are most efficient in moving through a problem space. They need strategic knowledge for formulating, evaluating, and choosing courses of action-this form of knowledge is often ignored in training programs (Soloway, 1986 ; both cited in Gott, p. 101). Gott further contends that apprentice training has been improved through the introduction of techniques such as modeling and coaching.
This widening of the considerations of workplace learning beyond the Taylorist and behaviorist approaches to include the theories of cognition and constructivism has resulted in some criticisms of competency-based training (CBT). RoffeyMitchell (1997) takes to task the notion of CBT in several different ways. First, he points to the deficiencies of a learning paradigm that seeks only behaviors as outcomes rather than conceptual development. He also points to what he sees as the deficiencies in the CBT view that fact acquisition is somehow separate from procedure acquisition; he contends that cognitive skill development integrates domain-specific acquisition of facts and accessing of facts with procedures for using those facts. Roffey-Mitchell associates the behaviorist underpinning of CBT with the use in training of a wide variety of delivery methods that include technology-based strategies, print-based strategies, simulations, and games. He contends instead that cognitive skill development necessitates the use of training methods that are successful at encouraging deep-level cognitive processing. He sees interactive facilitation as representing a key component of any such set of training strategies. It is arguable here that Roffey-Mitchell has taken a quite narrow view of CBT. Mulcahy (2000) , for example, has shown through a number of case studies of CBT that there are multiple concepts of competence and multiple cultures of competency development. The successful development of competencies, she argues, recognizes these differences and engages the process of competence development with them in a meaningful way to yield richer forms of knowledge than the competencies themselves would prescribe.
In relation to the focus of this article, these are crucial observations. The recognition that quality training is more than the demonstration of behaviorally based competencies presupposes the departure from industry-developed and -approved training resources of the sort that have been developed in Australia for acrossindustry use by producers of government-developed training materials. The Australian National Training Authority (1997) initiative for the development of "training packages" enables and encourages the use of a much broader range of learning resources and delivery mechanisms and has indicated real interest in theoretical knowledge that underpins the behaviorally based competencies. Enterprises are also encouraged to develop their training strategies in a way that is most suitable for the workforce and for the particular plant or enterprise. Although these departures represent opportunities for industry trainers to pursue training paradigms that go beyond CBT and to establish more robust concept development, they also provide enterprises and training personnel with decisions that are difficult to make. Enterprises may not have the skill or pedagogical experience to make the most effective decisions, and some simply are not in possession of the necessary data about their workforce or the relative effectiveness of various training strategies.
The issues of how best to structure and deliver training that provides concept development and is well suited to the clientele has become a crucial issue for enterprises. Carter and Gribble (1991) note that enterprise commitment and leadership toward modern systems of skill formation and workplace reform are evident in enterprises that have developed learning-based organizational cultures (Ford, 1990) . These organizations represent a challenge to established training providers and are placing more sophisticated demands on those providers. Carter and Gribble (p. 8) summarize these demands as follows:
The Workplace as a Learning Environment
Characteristics of Workplaces as Learning Environments
• Customized design • Consultancy-and facilitation-style services • Flexibility in delivery to meet workplace timelines • Able delivery In this context, Carter and Gribble offer advice to publicly funded technical training institutions, saying that workplace learning has particular relevance because it offers a collaborative and localised model for focussing the employee, the employer and the external provider on the best collective arrangements for implementing . . . vocational education and training. (p. 8) McKavanagh (1996) compared classroom learning settings with workplace learning settings on five dimensions: support, clarity, independence, collaboration, and innovation. That research showed that, in comparison with classroom learning, learning in workplaces is more clearly defined, more collaborative, and more innovative, but also that it is less supportive and is characterized by less independence.
Implications for skillfulness and adaptability are explored by McKavanagh (1996) in terms of concerns for vocational learning. He observes that current trends favor individualized computer-based and print-based training, on the one hand, and learning while working, on the other. The study showed that learning in which learners are isolated from the instructor and their peers could lessen support for learning. In addition, learning that is centered only at work may focus too narrowly on technical skills; such a focus may increase productivity in the short term but is not conducive to the development of an adaptable workforce. McKavanagh's observations on the potential isolation of the learner provide warnings for workplace training in the context of research already reviewed that indicates that effective conceptual learning presupposes forms of interactivity such as discussion, action learning, and questioning. These findings resonate considerably with the constructivist work by Billett (1996a Billett ( , 1998a Billett ( , 1998b and others, reviewed earlier in this article. McKavanagh's findings also raise the question of whether an enterprise is prepared to support learners with a more expert worker or a trainer if doing so increases the expense of training. In addition, the isolation of learners can be effective if their preferred style is self-direction. However, as Boote (1998) , Smith (2000a Smith ( , 2000b Smith ( , 2001a , and Warner, Christie, and Choy (1998) have shown, VET learners are not generally characterized by a preference for, or skills in, selfdirected learning.
In investigating the clarity of training goals and expectations, the McKavanagh (l996) study also inspected enterprise size as a variable. McKavanagh predicted that the learning environment would differ with the size of the employing establishment and that smaller organizations would have more clearly defined goals. Although this was not true for small organizations of 10 or fewer people, establishments of 11-20 people were shown to be clearer learning environments than those with more than 100 employees on site. These findings are obliquely confirmed by Cotton (1997) , who reported that the national 1993 Employer Training Expenditure Survey showed that only 18% of all businesses with fewer than 20 employees spent money on structured training; 80% of businesses with 20-99 employees did so; and 98% of businesses with 100 or more employees did so. Field (1997) has shown that formal, structured training is not an effective response to the training needs of small enterprises. For many small enterprises the amount of learning required is limited by a number of factors. The firm's work may be quite static in nature, with little change and a stable workforce. In addition, new ideas and techniques in a small firm are often gained by the recruitment of a new staff member who has worked in a different context, and the need for diffusion of that new knowledge to other members of the firm may also be limited if the knowledge is fairly specialized. For other firms, unstructured, informal on-the-job training meets new knowledge requirements. Although Field was interested primarily in small business, research by Hayton et al. (1996) indicates that as large businesses devolve toward smaller autonomous business units, those units take on many of the characteristics of small enterprises. Southern (1996) also recognized the constraints on small businesses, where there may be only one worker requiring the skill to be learned and where, therefore, access to an expert "other" is either not available or very limited. Field also found that notions of quality outcomes for training varied considerably: Some enterprises viewed a quality outcome in terms of specific skill development; others saw it as development of broader generic knowledge as well. In the Field study it was also evident that firms varied in the value that they placed on trainer skills. Some firms had no staff trained as trainers, even at the most rudimentary level; other firms placed considerable value on the skills of their trainers. Finally, some firms were shown to be concerned about who was assigned to assist trainees because there was a desire to avoid the transmission of obsolete skills; other firms were much less sensitive about this issue.
Hawke (1998), like Field (1997) , observed that workplaces vary greatly in a range of features that influence the development and delivery of formal training programs:
• The extent to which learning is valued and rewarded within the enterprise • The role of knowledge in setting the competitive climate for the enterprise • The size of the workplace or site • The range of products, processes, and/or services provided by the workplace • The capacity and willingness of the workplace to network with other related organizations Robertson (1996) shows, in his research on small businesses, that course content and activities need to be relevant to the enterprise and that the enterprise needs to be able to clearly define its training needs (see also Billett, 1993b ). Robertson also concludes that course content needs to be clear, concise, well organized, and supported by course materials. He suggests that there is a need for adequate facilities and equipment at the workplace (also see Taylor, 1996) , and that the workload of the enterprise has to be such as to enable authentic training experiences. In addition, there is a need for the workplace to value workplace training and to see it as part of the organizational structure (Billett, 1993a ; Business Council of Australia, 1990; Ford, 1990 ). Robertson's research indicates that trainers and supervisors need to have clear roles and be clearly identified as having the primary training responsibility for a particular trainee (see also Brooker & Butler, 1997; Harris et al., 1998) . Robertson concludes that there are few workplace-based training programs that include documented workplace supervisor roles, or structured and documented workplace training and/or assessment. In the few cases where workplace-based training and assessment was structured and documented, the programs were delivered in enterprises of more than 20 employees. (p. 20)
Workplace Support of Learning
Smith
In an apprentice training context, rather than a context of small business training, Brooker and Butler (1997) and Harris et al. (1998) have shown results similar to those of Robertson (1996) . Brooker and Butler's work involves a detailed analysis of the learning structures established in six varied workplaces that employed apprentices. The findings of that part of their analysis indicate that only one of the six enterprises was able to outline a complete structure of training for its apprentices. Although the other five enterprises had incorporated some support structures for apprentice learners, there was considerable diversity, and none had well-developed structures. A summary of the interviews with trainers shows that the workplaces were characterized by unstructured training and by expectations that the initiative to learn would come from the apprentice, that apprentices would work alone, that production imperatives would often overtake learning objectives, and that feedback would be given only on a completed job. In the United Kingdom, Calder and McCollum (1998) have made similar remarks, particularly in the case of smaller enterprises. A study in Australia by the State of Victoria's Office of Training and Further Education (1997) has found a strong preference among small business operators for on-the-job training but little commitment to learner support or to the development of structures to support learning.
Further evidence of the need for structures in the workplace to support learning is provided in research by Harris et al. (1998) , who have shown that apprentice training in the workplace is "just happening" (p. 124) in situations without clear training plans or identifiable trainers. The need for clear mentoring or training roles has also been noted by Brooker and Butler (1997) , Rojewski and Schell (1994) , and Smith (1997) . Further support for the need for planning of training within the workplace is provided by Brooker and Butler, Calder and McCollum (1998) , Harris et al., and Unwin and Wellington (1995) . Cornford and Gunn (1998) also note that the lack of planned teaching and training presentations is a major impediment to effective learning in the workplace. Each of these researchers comments on the wide variability among enterprises in how well training is planned, some enterprises being haphazard in their approach (Harris et al.) .
Training policy is important in establishing the appropriate priority and legitimacy of training that takes place within a production schedule. Harris et al. (1998) and Calder and McCollum (1998) point to the tensions that exist for learners as workers in enterprises where the need to engage in training activities is viewed as conflicting with production needs or as taking time from work. Calder and McCollum identify this tension most particularly with regard to flexible delivery, where the view of time out is applied more to learners engaging in independent learning than to learners who are removed from the workplace to attend a formal training activity. Evans (2001) made a similar comment when he observed that staff who were interviewed often expressed the view that they were in the business of production, not training. Unwin and Wellington (1995) observe the importance of enterprises' legitimizing training activity and training outcomes through clearly articulated training policy; Harris and Volet (1996) identify the need for clear support and commitment to training within an enterprise. Unwin and Wellington point not only to the need for clearly articulated and supportive policy but also to the need for enterprise behavior exemplifying that commitment. Lave and Wenger (1991) and Fuller (1996) comment on learners' need to feel a sense of value and belonging. Lave and Wenger (1991) express the view that the peripheral participation in workplace activity by learners is legitimate and that, as learning develops, it becomes less peripheral and more central to the work of the enterprise. The movement from legitimate peripheral participation to participation in central activities requires recognition in policy and in enterprise training practice (Brooker & Butler, 1997; Hayton, 1993; Lave & Wenger) . The increase in skill level through enterprise training also may require the planned introduction of diversity of experience within the scope of the work of the enterprise (Brooker & Butler; Hayton) . In addition, because the scope of work in an enterprise may not provide for the authentic tasks required for the development of all needed skills (Evans, 2001) , it may be necessary to seek learning experiences through external training providers or other enterprises. Billett (1993a Billett ( , 1994a , Brown, Collins, and Duguid (1989) , Lave and Wenger (1991) , and Vygotsky (1978) all have argued that within a sociocultural context of learning, individual activity is guided by a culture or community of practice, and that authentic tasks are necessary (even defined by) that community of practice. The community of practice is socially and historically derived and the performance of tasks is influenced by the values and the expectations of the community. The authenticity of a task can be defined within the community of practice (Billett, 1993a; Brown, Collins, & Duguid) . A successful community of practice enables the workplace learner to appropriate the culture, values, and ethos of the workplace (Brooker & Butler, 1997; Fuller, 1996) and provides the framework for interaction between learners, trainers, and other more expert workers. A successful community of practice is typified by an understanding that communication between learner and trainer is expected (Billett & Rose, 1996; Cunningham, 1998; Pea, 1993) . In such a community it is also understood that the communication between learners, trainers, and more expert workers is a legitimate method of meaning appropriation and understanding, of identifying relevant knowledge, and of testing knowledge (Berryman, 1991; Caine & Caine, 1991; Collins, 1991) . Billett (1996b) , Brookfield (1986), and McKavanagh (1996) each suggest the importance of peer-to-peer interaction in the negotiation of meaning in workplace learning. Works by Brooker and Butler, Harris et al. (1998) , and Unwin and Wellington (1995) indicate that the involvement of learners in the communities of practice within workplaces is largely unplanned and unstructured. More recently, McDermott (1999) suggests the notion of structured communities of practice that are deliberately planned and encouraged by workplaces to harness collective knowledge.
Thus far, the literature on communities of practice in workplaces has focused largely on their role as vehicles for learning procedural, propositional, and dispositional knowledge to be applied directly to the work of the enterprise. However, some new research focuses on the development of social capital through workbased learning. Putnam (1995) defines "social capital" as the networks, norms, and social trust in a given social organization that enable cooperation and collaboration toward mutually beneficial outcomes. When communities of practice enhance the development of collective intelligence (Brown & Lauder, 2000) , they provide for the movement from individual learning and knowledge to collective organizational learning and knowledge (Grundy, 1999) and enable that collective knowledge to be applied for the benefit of the broader community beyond the enterprise. As Solow (1999, p. 7) observes, trust, willingness to cooperate, and contribution to common effort have "a payoff in terms of aggregate productivity." There are clear opportunities for further research in the development of social capital through the communities of practice that occur naturally within workplaces or are structured with particular outcomes in mind.
An insightful article by Poell, Chivers, Van der Krogt, and Wildemeersch (2000) provides further interesting perspectives on the organization of workplace learning. Poell et al. draw attention to the common organization of workplace learning as a tool of management. In such cases, learning must be relevant to work output, and the issues of employee development are considered secondary. It appears clear from research already reviewed in this article that this concept of workplace learning continues to be common. Poell et al. also offer an explanation for the common disregard of employee development not directly related to production and for the tensions observed between the employee as a productive unit and the employee as a learner. They identify several forms of learning networks that occur in the workplace. Their notion of a liberal learning network involves identification and creation of learning opportunities by employees themselves. Although this may be a deliberate policy to develop an "entrepreneurial learning attitude" (p. 36), it may also be indicative of the lack of interest reported by apprentices in the research reviewed earlier. Also identified in the article by Poell et al. are a vertical learning network, largely pre-programmed and management driven, and a horizontal learning network, in which the group is the dominant feature and the design of learning programs is developed as the programs are implemented. Finally, Poell et al. identify an external learning network, in which the learning takes place in response to the requirements of an outside body, such as a professional association. They present the last three network orientations as three dimensions in a model with the liberal orientation at the center. The liberal network orientation combines with each of the other three to provide insights into program design and delivery and the power dynamics that operate in association with each orientation within an organization.
Flexible Delivery in the Workplace
Concepts of Flexible Delivery
Over the past decade, interest in the flexible delivery of training has increased, most particularly in the United Kingdom and Australia. Stewart and Winter (1995) accurately identify one reason for this growth of interest: a perception that training and training methods need to be more responsive to changing requirements within industry as part of a set of strategies to increase enterprise competitiveness. Stewart and Winter see further reasons in government enthusiasm for flexible delivery and the capacity of new information technologies to deliver responsive and relevant training.
In Australia there is widespread recognition of the part that flexible delivery can play in industry training; indeed, flexible delivery has become the policy preference of VET authorities such as the Australian National Training Authority. It has become commonplace for Industry Training Advisory Boards to champion flexible delivery in the workplace in the various Industry Training Plans (Australian National Training Authority, 1996) . For example, the Australian Light Manufacturing Industries Training Advisory Board (1997) refers to flexible delivery as a preferred training method. The development of Training Packages (Australian National Training Authority, 1997) is a more recent policy direction recognizing the importance of flexible delivery in industry training. In the United Kingdom, Calder and McCollum (1998) also observe an increase in interest in flexible learning for training in British enterprises. Sadler-Smith, Down, and Lean (2000, p. 474) note that, in the United Kingdom in recent years, "[m]any organisations have turned to 'modern' methods of delivery which do not rely on conventional face-toface contact between trainer and trainee."
Several researchers (Calder & McCollum, 1998; Evans & Smith, 1999; Henry & Smith, 1998) have commented, however, that what is meant by "flexible learning" at the enterprise level is unclear. Following in-plant research with a wide range of Australian enterprises, Henry and Smith found that, although there was unanimous enthusiasm for flexible delivery of training, no two enterprises seemed to have the same conceptualization of it.
In 1996, the Australian National Training Authority's National Flexible Delivery Taskforce adopted the following definition:
Flexible delivery is an approach rather than a system or technique; it is based on the skill needs and delivery requirements of clients, not the interests of trainers or providers; it gives clients as much control as possible over what and when and where and how they learn; it commonly uses the delivery methods of distance education and the facilities of technology; it changes the role of trainer from a source of knowledge to a manager of learning and a facilitator. (Australian National Training Authority, 1996, p. 11) This definition makes it clear that an important feature of flexible delivery is client control, including control over what is learned. Evans and Smith (1999) suggest that central to the notion of flexible delivery in industry is this idea of client control not just over the time and place of learning but over what is learned and the pace at which it is learned. Like Stewart and Winter (1995) , Evans and Smith suggest that the drive toward flexible delivery results from the belief that the consumers of training can better be served with a product that is relevant if they are viewed as clients of training providers, with all the privileges that clients of professional services should have. Such privileges have been largely associated with delivery of the right service in the right place, at the right time, and at the right price. For example, a 1994 report by the National Board of Employment, Education and Training on small business employment and skills states, "A major issue is flexible delivery in terms of both timing and delivery mode." The board particularly draws attention to the need that training be available at times and in places convenient for the client. Flexible delivery has been embraced by government and industry in Australia as important to national skill development and economic competitiveness, in much the same way that it was embraced in the United Kingdom, as described by Calder and McCollum (1998) .
Resource-Based Learning
Accepting the view that the construction of knowledge requires interaction with trainers or more expert others and some form of interactivity between the learner and the material to be learned begs the question of how best to provide for this process through flexible delivery in the workplace. In an industry setting, the advantages of resource-based, flexible training are that it (a) provides opportuni-ties for learning on an individual basis; (b) enables learning that is sustainable within shift and production schedules; and (c) minimizes the need for expensive one-to-one instruction and demonstration from a more expert trainer. Clearly, if flexible delivery is to achieve those advantages, techniques for conceptual development and skill development through problem solving and interactivity must be built into the learning program and its delivery. Garrison (1995) warns against what he calls "naïve constructivism," the perspective of educators who "have a blind faith in the ability of students to construct meaningful knowledge on their own" (p. 138). Cornford and Beven (1999) argue in similar vein:
Leaving learners, particularly novices, to piece together a picture of the complex workplace environment without guidance is more likely to result in incorrect and fragmented understandings. (p. 28) Collins (1997) takes this warning further and argues that a complex modern society and workplace necessitate that learners be taught to learn through cognitive apprenticeship (also see Collins, Brown, & Newman, 1989) . Cognitive apprenticeship, Collins argues, has a number of features that lend themselves to deployment among workplace learners:
• Authenticity. Material to be learned is embedded in tasks and settings that reflect the uses of those competencies in the real world.
• Interweaving. Learners alternate between a focus on accomplishing tasks and a focus on gaining particular competencies.
• Articulation. Learners articulate their thinking and what they have learned.
• Reflection. Learners reflect and compare their own performance with that of others.
• Learning cycles. Learning occurs through repeated cycles of planning, doing, and reflecting.
• Multimedia. Each medium is used to do what it does best. In Collins's view of goal-based learning in the workplace, learners are given the tasks that they need to learn and the scaffolding that they need to carry out those tasks. Other researchers (Brown, Collins, & Duguid, 1989; Rogoff, 1984; Young, 1993) have shown problem solving applied to authentic tasks to be an important process in the acquisition of situated knowledge. Writing in a context of higher education, Kember (1995) shows that a number of components associated with cognitive apprenticeship are important in the development of learners toward effective open learning. Specifically, Kember points to the importance of prior knowledge and experience, goal setting, and problem solving in shifting learners from a pedagogical framework to a more self-directed, adult learning framework. In Smith's (2000c) work the same framework is redeveloped to identify the focuses required for the development of effective learners in workplace environments.
Through observation and data collection in the workplace, Billett (1996b) has investigated the effectiveness of a number of different resource-based learning materials and compared them with what he calls "everyday practice" (p. 18). Specifically, Billett investigated print-based materials, computer-based learning resources, and video resources. He also investigated learning strategies based on everyday practice and human interactions in connection with mentoring, direct instruction, observation and listening, other workers, and the work environment.
Billett observed and interviewed 15 process workers over a 4-month period. His findings showed that everyday practice and engagement with authentic activities were consistently viewed as more effective than instructional materials. Billett also acknowledged, however, that resource-based learning materials provided access to propositional knowledge that might not have been readily accessed through workplace practice-knowledge involving concepts that might otherwise have remained opaque in the everyday workplace environment. He concluded that, although resource-based learning materials have an important part to play in the development of workplace knowledge, they need to be used in conjunction with the guidance that is available through interaction with others in the workplace.
Effective progress from the novice to the expert stage (Dreyfus, 1982) requires the development of knowledge that Di Vesta and Rieber (1987) describe as flexible, durable, transferable, and self-regulated, leading to understanding that provides for material to be assimilated and integrated into the learner's knowledge structure. The need for this level of understanding in the development of workplace knowledge is repeatedly commented on in the literature (e.g., Berryman, 1993; Glaser, 1982; Kidd, 1987; Redding, 1995; Ryder & Redding, 1993) as necessary in an age of increasingly complex workplace tasks and equipment. Ryder and Redding comment that these sorts of changes have "shifted the demands on human performance from primarily physical to primarily cognitive" (p. 75), and Collins (1997) sees a need for learners to take responsibility for their own learning. Sociocognitive constructivist theory holds that such learning is achieved when the learner takes responsibility for constructing meaning actively through selfdialogue or dialogue with others. Kember and Murphy (1990) observe that "learners are not empty vessels waiting to be filled with knowledge" (p. 42) but approach each learning task with their own personal beliefs, motivations, and prior knowledge. Redding (1995) asserts, [I] t is now widely recognised that instruction should promote cognitive skill development by teaching concepts, principles, and heuristics; providing elaborate associations, advance organisers, and visual representations of abstract principles; relating new knowledge to existing knowledge; organising material hierarchically following its conceptual structure; providing mental model building activities; providing environments for guided discovery; sequencing learning to develop automaticity; promoting multi-level encoding and processing of new information; and providing informational feedback about cognitive skill. (p. 90) It is clear from the literature review that flexible delivery in the workplace is unlikely to be successful if it is resource-based only; and it is equally clear that learner supports and scaffolding techniques need to be used if effective procedural and strategic knowledge is to be constructed. Much of the literature on situated learning and authenticity argues for the need for human interaction and guidance, and there is little doubt that the construction of learning is enhanced by that involvement. Peoples (1998, p. 6 ) expressed this view when he wrote, "The evidence is clear that learners seek support from content specialists and favor structures that provide discussions with their peers." In addition, there is recurring comment throughout the literature of the need for learners to become more selfdirected and to develop strategies that they can use effectively in a variety of con-texts and with a range of learning materials (Candy, Crebert, & O'Leary, 1994; Riding & Sadler-Smith, 1997) .
Computer-Mediated Communication Recent research has been designed to determine how computer-mediated communication (CMC) can be used to provide for human interaction in a context of flexibly delivered workplace learning. In a major review of research on the on-line provision of VET programs, Smith and Henry (2000) found that the vast majority of evidence supported the view that successful on-line training must include interaction between learners and between learners and their instructors. Accordingly, a network-based model of workplace training, based on CMC, is attractive and consistent with the characteristics of learners and with the increasing use of flexible learning methods involving technology-mediated forms of delivery (Mitchell, 2000) . The capacity of on-line technologies such as computer conferencing to provide students with a means of developing and sharing their construction of knowledge in a course, while they socially construct group knowledge within a collaborative learning environment, is one of the greatest advantages of CMC. This is consistent with the constructivist view that knowledge is collaboratively constructed (Pea, 1993) in the circumstances in which it is experienced (von Glasersfeld, 1987) . Adopting that theoretical view of knowledge construction through situated collaborative activity powerfully positions CMC and other technologically mediated communication processes to develop workplace pedagogies that enable greater collaboration among learners and between learners and instructors or expert others. Such communication can occur on a synchronous or asynchronous basis, depending on the context of use at the time. Trentin (1999) , working within the social constructivist framework, has also argued that the power of new communication systems lies in their potential to support collaborative education and training. In reviewing a number of definitions of collaborative learning, Trentin is anxious to point out that the concept rests on a view that knowledge is not something that is delivered to students but that emerges from active dialogue. This notion of collaborative learning is much the same as that shown by Billett and Rose (1996) to be most effective in securing conceptual knowledge in the workplace.
The social constructivist conceptualization of CMC proposed by Stacey (1998) is characterized by groupware systems (e.g., FirstClass*) that enable learners to interact with other learners, with their instructors, and with other experts who may be external to the teaching-learning environment. That conceptualization of CMC is consistent with Trentin's (1999) and Pea's (1993) notions of collaborative learning. Stacey's research (1996 Stacey's research ( , 1998 shows the importance of technology to support group collaboration in learning. Her discussion of technologically mediated learning from a social constructivist perspective focuses on interactive on-line group discussion as central to the learners' effective construction of new conceptual understandings. In her research on CMC, Stacey found that, in the social context of group interaction, the collaborative group develops a consensus of knowledge by communicating various perspectives, receiving feedback from other students and teachers, and discussing ideas until understanding is reached. Drawing on Vygotsky's (1978) theory that conceptual understandings are developed through verbal interaction, Stacey found that a socially constructed learning environment is essential for effective learning. Social conversation provides the learner with a context and stimulus for thought construction and learning; thus the group contributes to learners' understanding beyond what they could achieve individually. As Smith (2000a) points out, although flexible delivery provides some challenges for VET learners, it provides innovative approaches that make effective use of VET learners' preference for social contexts for learning.
Salmon (2000) provides a useful framework for the development of learner preparedness and training delivery in her model for teaching and learning on-line through CMC. She proposes a five-stage model whereby participants gradually increase their involvement in, and commitment to, CMC as they become more comfortable and proficient with the environment. As the stages progress, so does the sophistication of interactions and learning outcomes. The five stages are
• Access and motivation. Participants set up and gain access, and instructors (or e-moderators) encourage participant use of the CMC facility.
• On-line socialization. Participants start to communicate with each other, both individually and in groups, the greater part of interchange being social chitchat.
• Information exchange. Participants begin to develop an appreciation of what is available to them on-line, in terms of information and interaction with others who can assist them in learning.
• Knowledge construction. Participants interact in "more exposed and participative ways" (p. 32) to formulate and express their ideas and receive feedback.
• Development. Participants become more responsible for their own learning and make use of computer-mediated opportunities to learn with little assistance required from instructors, except as determined by the learner. As Salmon observes, at this stage the pursuit of learning becomes more individualized.
The application of this staged model to the learner development strategies identified by Smith (2000c Smith ( , 2001b and to the network-based collaborative model proposed by Trentin (1999) provides for some clear direction and support in the use of CMC to support flexible delivery to VET learners. In addition, the preference among vocational learners for nonverbal learning (hands-on learning through practice or demonstration) is a clear challenge for CMC, which is heavily text based (Trentin, 1999 ). Salmon's staged model provides an opportunity for learners to develop greater comfort with this form of communication by initially using it in nonchallenging ways and leveraging off learners' typical interest in socially mediated environments. Riding and Sadler-Smith (1997) make the point that the development of new strategies for learning can be powerfully leveraged off existing strategies with which learners are already comfortable. Salmon advocates an opportunity to develop these skills through a very skilled e-moderator, who may help learners to communicate well in CMC and may help instructors to do so as well. It is to be expected that a number of instructors will be new to this form of communication and teaching, and a number will not be strong in verbal skills.
Important here is Trentin's (1999) advice that instructors recognize that the learning objective to be pursued is the development of collaborative learning, such that learners integrate new information into cognitive structures that already exist Smith and which are the result of personal experience and personal learning. Specifically, Trentin advocates [a] ctivities that make it possible to discuss, explain, and recall previous experiences, to gather and structure information, and to involve students in work that closely links abstract learning of concepts with direct experience. (p. 149)
Trentin observes the suitability of this form of learning for network-based collaboration and draws attention to the need for instructors to facilitate and stimulate discussion between participants and encourage them to explore their own questions. It is important for instructors not to take a directive role or to provide answers at the expense of encouraging discussion. Clearly, Salmon's notion of e-moderators can be very useful in framing these discussions and in helping the instructor to develop the discussion at the levels of information exchange and knowledge construction. Smith (2001a) has recently suggested that Salmon's framework of multilevel uses of CMC can be used to develop a number of strategies for the use of computer-mediated communication to prepare workplace learners to effectively engage with flexible delivery. The same emphasis on the use of information technology to facilitate workplace learning through CMC can be found in the writings of Baker and Dillon (1999) and Sangster, Maclaran, and Marshall (2000) , all of whom stress the importance of learner collaboration.
The discussion here has focused on asynchronous computer-mediated communication to support socially constructed collaborative learning in the workplace, although there are clearly other uses to be made of computer-based delivery processes in the workplace. Asynchronous communication has the advantage of allowing learners to access communications at times suitable for their personal and work schedules and time zones, and it also offers opportunities for real-time collaborative learning in synchronous modes. McAlpine (2000) points to the need for new instructional methods that include designs for interaction among students and their interaction with learning materials that are accessed through the Internet or through private "intranets" developed within enterprises.
Current instructional design processes have not adequately addressed the design issues for interaction, although material is now becoming available (e.g., Murphy, 2001; Smith & Stacey, 2002) . A difficulty of current instructional models, when applied to on-line delivery systems, continues to be the focus on learners as passive recipients of information and the denial of opportunity for transformative learning (Burge & Haughey, 1993) . In a context of situated learning, Oliver (1999) describes critical design elements for effective on-line learning environments as including content, learning activities, and learner supports. Oliver argues that, by developing on-line learning through that framework of critical elements, one can achieve the representation of information through the multiple modes available with new technologies, together with authentic learning tasks (Young, 1993 ) that can be pursued collaboratively among learners.
Self-Directed Learning
Although the term "flexible delivery" has a number of origins and conceptualizations (Evans & Smith, 1999; Peoples, Robinson, & Calvert, 1997) , Boote (1998) observes that the various conceptualizations all include the notions of independence and self-directedness in learning, and she points to researchers such as Candy (1991) and Crombie (1995) who question whether learners are prepared for flexible delivery or adequately supported through it. In her study of adult vocational learners and their teachers, Boote concludes that the skills of metacognition required for effective self-directed learning are not well developed in VET learners. She suggests that [a] presumed level of self-directedness is apparently being relied upon to allow the educational initiatives and flexibility in VET to be implemented. (p. 80) Research by Warner, Christie, and Choy (1998) with Australian VET learners shows that the majority are not prepared for self-directed learning. Evans (2000) asserts that, to make flexible delivery effective, it is important to research learners systematically to accommodate their needs in a way that enables them to engage with, and gain value from, a flexibly delivered program of instruction. Jegede (1999) identifies research focused on the learning characteristics of students as a high priority among distance educators anxious to serve their clients better. Calder (2000) observes that there has been considerable recent growth in the quality of research in this area and asserts that the impact of the work on learners and learning in relation to the development of ideas about the structuring of materials and the need for different types of support by different groups of learners is only now beginning. (p. 8) In Kember's (1995) two-dimensional model of open learning, success requires that learners move to a more independent, self-directed style of learning and that providers move to greater openness in access and delivery. Boote's (1998) findings indicate that VET learners are not well equipped to make that change to independence and self-direction.
In research with a sample of 1,252 vocational learners, Smith (2000b) found that those learners had a low preference for independent learning. Also found was a high preference for learning in contexts where an instructor leads the process, where the program of instruction is well organized, and where instructors make very clear what is expected of learners. In addition, VET learners showed a strong preference for learning in social environments, where warm and friendly relationships were established between the learner and the instructor and with other learners. Although little other research is available on the learning preferences of VET learners, Beckett (1997) and Warner, Christie, and Choy (1998) observe that collegial contexts for learning have been a hallmark of VET instruction, and they question whether flexible delivery without considerable human instructor support can be successful. Smith (2000b) concludes that VET learners are characterized by a field-dependent style (Witkin, Moore, Goodenough, & Cox, 1977) , with a need for structure in learning and a preference for social contexts rather than independence. He draws attention to the need to develop strategies to help these learners to achieve an independent and self-directed approach (Kember, 1995) in a flexible learning context. Like Boote (1998) , Smith observes that the skills of metacognition are necessary among VET learners if effective engagement with flexible delivery in the workplace is to occur. Several researchers (e.g., Curry, 1983; taken to achieve those changes. Riding and Sadler-Smith suggest that instructional materials and methods can be structured to help learners to adopt new strategies or modify existing ones, and Boote suggests that programs directed at learning to learn will be useful.
Recent work by Brooker and Butler (1997) shows that there is room to doubt the effectiveness of support for apprentice learners in the workplace. By interviewing apprentices and their trainers in Australian workplaces, Brooker and Butler showed that apprentices rated highly those pathways to learning that involved structured learning and assistance from another more expert worker. Feedback on their work from more expert workers was highly valued. Brooker and Butler showed that learning and practicing alone were not favored pathways. These findings are consistent with Smith's (2000a Smith's ( , 2000b Smith's ( , 2001a findings that VET learners prefer structure and a social context for learning and assign a low preference to independent learning. Calder, McCollum, Morgan, and Thorpe (1995) noted, in their work with British workplaces, that tutorial support did not appear to be commonly provided as a support to learning-package-supported, open, and flexible delivery, and neither was guidance commonly provided to learners on strategies to use to enhance their learning. Recognizing the importance of self-directed learning to the success of flexible delivery in the workplace, Calder et al. noted that effort is required to assist learners to switch to an attitude of responsibility for their own learning.
It is also clear that training that uses commonly styled, print-based learning materials, applied irrespective of learner characteristics, is unlikely to be successful when enterprises expect learning to occur entirely through the use of those materials. Important questions remain, however, if workplace training is going to use the new learning technologies to develop workplace expertise in a manner that does not require labor-intensive apprenticeships characterized by close observation and interaction with a more expert worker. These questions relate to the learning preferences of the worker, the appropriate scaffolding to be used in the development of workplace knowledge, and the cognitive strategies to be employed in the development of robust and transferable conceptual knowledge. Also, there are questions regarding the effective mix of resource-based instructional delivery, direct authentic experience, and support through human interaction.
Models of Flexible Delivery in the Workplace
An attempt has been made to address the issues of that mix in the model of workplace learning contributed by Sadler-Smith, Down, and Lean (2000) . Their model is based on the view that the enhancement of organizational performance is at least partially achieved through the enhancement of individual performance through training; thus the model commences with an assessment of organizational development needs and the needs of individuals. Through a process of negotiation and prioritization, an agreed-upon set of training needs is addressed through a mix of training delivery methods and media. The selection of training methods and media is influenced in the model by learner characteristics such as learning styles and preferences and the constraints of the organization with regard to resources, time, and facilities. In the conceptualizations by Poell et al. (2000) of various forms of learning networks, this model emphasizes the liberal-vertical dimension. Smith (2000c) has suggested a model that emphasizes the need for workplaces and their learners to prepare for effective flexible delivery. As Smith (2000a) argues, in a context where neither learners nor their workplaces appear typically ready for flexible delivery, there is need for intervention strategies to be developed to assist the preparedness of workplaces and learners. Smith's (2000c) model emphasizes the need for learners to develop self-directedness, to engage effectively with a wide variety of learning materials and strategies, and to make effective use of the community of practice to pursue learning goals. The model identifies the need for workplaces to establish clear training policies and structures and to provide training personnel who are adept in the development and support of learner self-direction, in the use of materials and strategies, and the engagement of learners in the community of practice. Smith (2000c) suggests a wide range of specific strategies as capable of implementation in an operating workplace to enhance preparedness for flexible delivery. In later related research in operating workplaces, Smith, Wakefield, and Robertson (2002) established the feasibility of strategies that provide support to learners and to workplaces in the effective use of flexible delivery.
Conclusion
Interest in workplace learning has increased over the past 10 years, both as a legitimate form of training and as a focus of research. Although there are a number of conceptualizations of workplace learning, all emphasize the social construction of knowledge. The evidence available from workplace-based research also indicates that learners prefer to learn within a socially constructed context and are not typically either self-directed or independent. A general preference for learning within a structured environment where the structure of the training program is clear to the learner is also indicated in the literature.
The cognitive theory and research indicate that expertness in the workplace develops through a series of stages from novice to expert, with an attendant development and refinement of schema and the strategic deployment of knowledge. Expertness is characterized by automaticity and an ability to solve problems in new situations through the strategic application of existing knowledge. Such expertness develops through a range of learning activities, including practice, demonstration, and mentoring by expert others.
Workplaces often are not able to provide learners with the structured support and guidance required to develop knowledge through the effective deployment of a wide range of learning strategies within a community of practice. Training structures and policies need to be supportive of learning in the workplace, and training personnel need to be skilled in developing learner self-directedness. Selfdirectedness in learners not only involves an ability to identify their own learning goals and pursue them independently but also requires skills in effectively engaging the assistance of others within a socially constructed community of practice. The development of learning networks within the workplace can take several forms where there is encouragement for learners to interact with other learners and with experts. Other models of training are much more vertically oriented: Management determines what is to be learned, when, and how. Those forms of training are less likely to result in effective learner-driven networks and may be associated with greater tension between the roles of the worker as a productive unit and as a learner.
Smith
Recent interest in the flexible delivery of training in the workplace is challenged by those characteristics of learners that do not facilitate self-directed learning or receptiveness to verbal presentation (e.g., through texts or lectures) of training material. The general preference of learners for a social environment for learning poses a challenge in workplaces where interpersonal interaction is discouraged and in very small workplaces. Computer-mediated communication may offer considerable possibilities for the development of a social environment in workplaces where learners are isolated from each other and from their instructor. The typically low preference for textually presented material is a challenge to CMC, but there are techniques that can assist learners to become gradually more comfortable in a CMC environment. In addition, the intelligent use of other technology-mediated approaches can result in more dynamic visual learning programs, together with greater sophistication in voice recognition and response systems, so that the reliance on text as a medium can be reduced.
